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COMMUNICATING SIGNALS ACCORDING 
TO A QUALITY INDICATOR AND A TIME 

BOUNDARY INDICATOR 

TECHNICAL FIELD 

This invention relates generally to the ?eld of wireless 
communications and more speci?cally to communicating 
signals according to a quality indicator and a time boundary 
indicator. 

BACKGROUND 

A transmitting communication device may have multiple 
antenna elements that transmit signals to communicate infor 
mation. A receiving communication device extracts the infor 
mation from the transmitted signals. Multiple antenna ele 
ments may enhance spectral e?iciency, allowing for more 
users to be simultaneously served over a given frequency 
band. The transmitted signals, however, propagate along dif 
ferent paths and may reach the receiving communication 
device with different phases that destructively interfere. It is 
generally desirable to reduce interference of transmitted sig 
nals. 

SUMMARY OF THE DISCLOSURE 

In accordance with the present invention, disadvantages 
and problems associated with previous techniques for com 
municating signals using multiple antenna elements may be 
reduced or eliminated. 

According to one embodiment of the present invention, one 
or more quality indicators are established at a ?rst communi 
cation device having antenna elements. The quality indicators 
indicate a quality of one or more communication links 
between the ?rst communication device and one or more 
second communication devices. A modi?cation is deter 
mined according to the quality indicators, where the modi? 
cation describes at least one adjustment of one or more modu 
lation features. A time boundary indicator indicating a 
boundary of a time period is received. At least some of a set of 
signals are modulated in accordance with the modi?cation 
and in response to the time boundary indicator, where a signal 
is associated with an antenna element. The set of signals is 
sent from the antenna elements to yield a transmitted signal. 

Certain embodiments of the invention may provide one or 
more technical advantages. A technical advantage of one 
embodiment may be that a modi?cation may be determined 
according to a quality indicator. The modi?cation may be 
applied to signals transmitted by multiple antenna elements in 
response to a time boundary indicator, which may improve 
the quality of the transmitted signals. 

Certain embodiments of the invention may include none, 
some, or all of the above technical advantages. One or more 
other technical advantages may be readily apparent to one 
skilled in the art from the ?gures, descriptions, and claims 
included herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and its features and advantages, reference is now made to 
the following description, taken in conjunction with the 
accompanying drawings, in which: 

FIG. 1 is a block diagram of one embodiment of a commu 
nication network that includes one or more transmitting com 
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2 
munication devices and one or more receiving communica 
tion devices that communicate via a wireless link; 

FIG. 2 is a block diagram of another embodiment of a 
communication network that includes one or more transmit 
ting communication devices and one or more receiving com 
munication devices that communicate via a wireless link; 

FIG. 3 is a block diagram of one embodiment of a receiving 
communication device that includes a quality indicator gen 
erator that may be used in FIG. 1; 

FIG. 4 is a block diagram of one embodiment of a trans 
mitting communication device that includes a signal modi?er 
that may be used in FIG. 1; 

FIG. 5 is a block diagram of one embodiment of a trans 
mitter system that may be used with the communication 
device of FIG. 2; 

FIG. 6 is a block diagram of one embodiment of a signal 

modi?er; 
FIG. 7 is a block diagram of another embodiment of a 

signal modi?er; 
FIG. 8 is a block diagram of one embodiment of a vector 

modulator; 
FIG. 9 is a ?owchart illustrating one embodiment of a 

method for applying a modi?cation to a signal in accordance 
with a time boundary indicator that may be used with any 
suitable communication device; 

FIG. 10 is a ?owchart illustrating an example method for 
applying a modi?cation to a signal in accordance with a time 
boundary indicator that may be used with any suitable com 
munication device; 

FIG. 11 is a ?owchart illustrating another example method 
for applying a modi?cation to a signal in accordance with a 
time boundary indicator that may be used with any suitable 
communication device; 

FIG. 12 is a ?owchart illustrating an example method for 
calculating a complex weighting that may be used with any 
suitable communication device; 

FIG. 13 is a ?owchart illustrating another example method 
for calculating a complex weighting that may be used with 
any suitable communication device; and 

FIG. 14 is a ?owchart illustrating another example method 
for calculating a complex weighting that may be used with 
any suitable communication device. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention and its advantages 
are best understood by referring to FIGS. 1 through 14 of the 
drawings, like numerals being used for like and correspond 
ing parts of the various drawings. 

FIG. 1 is a block diagram ofone embodiment ofa commu 
nication network 10 that includes one or more transmitting 
communication devices 2011 and one or more receiving com 
munication devices 20b that communicate via a wireless link 
24. According to the embodiment, a communication device 
2011 receives a quality indicator such as a power control bit 
describing the quality of wireless link 24, and determines a 
modi?cation according to the quality indicator. Communica 
tion device 2011 modulates signals for transmission to com 
munication device 20b using the modi?cation in accordance 
with a time boundary. In certain cases, modulating the signals 
in accordance with a time boundary may synchroniZe modi 
?cation of the signal with a quality indicator describing the 
link quality in response to the modi?cation. 

According to the illustrated embodiment, a communica 
tion device 2011-!) comprises any device operable to commu 
nicate information via signals to one or more other commu 
nication devices. For example, communication device 2011-!) 
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may comprise a subscriber communication device or a base 
station. A subscriber communication device may comprise 
any device operable to communicate with a communication 
system, for example, a personal digital assistant, a cellular 
telephone, a mobile handset, or any other device suitable for 
communicating data to and from a base station. A subscriber 
communication device may support, for example, simple 
Internet Protocol (IP), mobile IP, or any other suitable com 
munication protocol. A subscriber communication device 
may utiliZe, for example, General Packet Radio Service 
(GPRS) technology or any other suitable mobile communi 
cation technology. 
A base station typically includes a base transceiver station 

and a base station controller. The base transceiver station 
typically communicates signals to and from one or more 
subscriber communication devices. The base station control 
ler manages the operation of the base transceiver station. The 
base station provides a subscriber communication device 
access to a communication network that allows the subscriber 
communication device to communicate with other networks 
or devices. A communication network may comprise all or a 
portion of public switched telephone network (PSTN), a pub 
lic or private data network, a local area network (LAN), a 
metropolitan area network (MAN), a wide area network 
(WAN), a global computer network such as the Internet, a 
wireline or wireless network, a local, regional, or global com 
munication network, an enterprise intranet, other suitable 
communication link, or any combination of the preceding. 

Transmitting communication device 20a, receiving com 
munication device 20b, or both may include one or multiple 
antenna elements, where each antenna element is operable to 
receive, transmit, or both receive and transmit a signal. Mul 
tiple antenna elements may provide for a separation process 
known as spatial ?ltering, which may enhance spectral e?i 
ciency, allowing for more users to be served simultaneously 
over a given frequency band. 

Communication devices 2011-!) may communicate with one 
or more subscriber communication devices, one or more base 

stations, one or more other communication devices, or any 
combination of the preceding. Communication devices 2011-!) 
may communicate according to any suitable communication 
protocol. For example, communication devices 2011-!) may 
communicate according to any suitable code division mul 
tiple access (CDMA) protocol such as CDMA-lS-95 AIB, 
CDMA 2000 lXRTT, CDMA 2000 3X, CDMA EV-DO, 
wideband CDMA (WCDMA), CDMA EV-DV, or other suit 
able CDMA protocol. Examples of other protocols include 
any generation Universal Mobile Telecommunications Sys 
tem, hybrid multiple access protocols, 802 .xx protocols, time 
division multiple access (TDMA) protocols, and frequency 
division multiple access (FDMA) protocols. 
A communication link between communication devices 

20a and 20b such as wireless link 24 is typically a radio 
frequency link that may be cellular in network organiZation. 
Wireless link 24 may be used to communicate a signal 
between communication devices 2011 and 20b. A signal may 
comprise data packets communicating information such as 
data, video, voice, multimedia, any other suitable type of 
information, or any combination of the preceding. Wireless 
link 24 may be con?gured according to a Multiple-Input 
Multiple-Output (MIMO) communications protocol. 

According to the illustrated embodiment, communication 
device 20b generates one or more quality indication signals 
from which communication device 2011 determines the modi 
?cation. Communication device 20b includes a quality indi 
cator generator 3011 that generates one or more quality indi 
cators that re?ect the quality of wireless link 24. The quality 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
of a communication link may be determined from the char 
acteristics of a signal received from communication device 
2011, for example, the signal-to-noise-ratio, signal-to-interfer 
ence-ratio, signal power, signal timing stability, signal 
envelop, other suitable signal characteristic, or any combina 
tion of the preceding. A quality indicator may re?ect changes 
in the quality due to a modi?cation applied by communica 
tion device 20a. 
A quality indicator re?ecting quality may comprise, for 

example, a power control bit, bit error rate indicator, frame 
error rate indicator, packet error rate indicator, other suitable 
quality indicator, or any combination of the preceding. As an 
example, a power control bit instructs a communication 
device 2011-!) to increase or decrease transmission power. 
Quality indicator generator 3011 may transmit the quality indi 
cator via a quality indication signal. A quality indication 
signal may comprise a signal having information about the 
quality of the communication link, for example, a power 
control signal of any suitable CDMA protocol, error rate 
messages, other suitable quality indication signal, or any 
combination of the preceding. As an example, a power control 
signal may include one or more power control bits. A quality 
indication signal may be transmitted at any suitable rate, for 
example, once every 1.25 ms for cdmaOne (lS-95)/ 
CDMA2000 or once every 0.66 ms for WCDMA. 
Communication device 20a includes a signal modi?er 3211 

that modi?es a pre-transmission signal in accordance with 
one or more quality indicators of a received quality indication 
signal. The signals may be modi?ed to increase constructive 
interference or reduce destructive interference. A modi?ca 
tion may refer to one or more adjustments of one or more 

modulation features of one or more signals. A modulation 
feature refers to a feature of a signal that may be modulated, 
for example, a phase, amplitude, frequency, timing, other 
suitable modulation feature, or any combination of the pre 
ceding. A modi?cation may be applied to a signal or to fre 
quency subbands of a signal. As an example, a set of one or 
more adjustments may be applied to a signal. As another 
example, multiple sets of one or more adjustments may be 
applied to a signal, where each set is applied to a different 
subband of the signal. 

Signal modi?er 32a determines a modi?cation in accor 
dance with the one or more quality indicators. For example, 
signal modi?er 32a may calculate a complex weighting based 
on the quality indicators, which may be used to adjust the 
magnitude and phase of the signal. The complex weighting 
provided may be based on one or more modi?cation features 
such as the total power of the transmitted signal, the phase 
rotation associated with each antenna element, the power 
ratio associated with each antenna element, the time delay 
associated with each antenna element, other feature, or any 
combination of the preceding. 

Signal modi?er 32a modi?es a signal by applying the 
determined modi?cation to produce one or more modi?ed 
pre-transmission signals. The number of pre-transmission 
signals may correspond to the number of antenna elements of 
a transmit antenna of communication device 20a, and a pre 
transmission signal may be associated with an antenna ele 
ment. The number of pre-transmission signals may, however, 
be less than, equal to, or greater than the number of antenna 
elements. Signal modi?er 32a may modify a signal in any 
suitable manner. For example, signal modi?er 3211 may 
manipulate the weights of the various power ampli?ers that 
feed their respective antenna elements of the transmit 
antenna. 

Signal modi?er 3211 applies the modi?cation in response to 
a time boundary indicator. A time boundary indicator indi 
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cates the time boundary of a time period such as a CDMA 
power control group (PCG). According to CDMA, tra?ic 
channels are subdivided into 20-ms frames. Each frame is 
further subdivided into 16 power control groups, each lasting 
1.25 ms. In general, a power control bit is sent for each power 
control group. In practice, a power control bit may be sent at 
any of a number of times within a power control group. Signal 
modi?er 3211 may apply a modi?cation in response to a time 
boundary indicator in order to apply one modi?cation per 
time period. The modi?cation may be applied at any suitable 
point of the time period. Applying one modi?cation per time 
period may synchroniZe modi?cation of the signal with a 
quality indicator describing the link quality in response to the 
modi?cation. Synchronization may avoid a quality indicator 
describing the link quality in response to less than one or more 
than one modi?cation. 

Communication device 2011 transmits the modi?ed pre 
transmission signals that form a combined signal, which may 
be received by communication device 20b or other suitable 
communication device 20a-b. The modi?cation of the pre 
transmission signals may provide for improved communica 
tion of the signals. For example, if the rate at which the signals 
are controlled exceeds the rate of fading, then the signal may 
be received at a relatively constant rate of power at a substan 
tially optimiZed power. Other aspects of the communication 
may be optimiZed or improved, for example, reduced medium 
contention, reduced probability of detection or interception, 
improved network load balance, reduced RF interference, 
other aspect, or any combination of the preceding. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to communication network 
10 without departing from the scope of the invention. Addi 
tionally, operations of communication network 10 may be 
performed using any suitable logic comprising software, 
hardware, other logic, or any suitable combination of the 
preceding. As used in this document, “each” refers to each 
member of a set or each member of a subset of a set. 

FIG. 2 is a block diagram of another embodiment of a 
communication network 40 that includes one or more trans 
mitting communication devices 200 and one or more receiv 
ing communication devices 20d that communicate via a wire 
less link 24. A communication device 200 calculates a quality 
indicator describing the quality of wireless link 24, and deter 
mines a modi?cation according to the quality indicator. Com 
munication device 200 modulates signals for transmission to 
communication device 20d using the modi?cation in accor 
dance with a time boundary. In certain cases, modulating the 
signals in accordance with a time boundary may synchroniZe 
modi?cation of the signal with a quality indicator describing 
the link quality in response to the modi?cation. 

According to one embodiment, communication device 200 
includes a quality indicator generator 30b and a signal modi 
?er 32b. Quality indicator generator 30b generates one or 
more quality indicators that re?ect the quality of wireless link 
24. The quality of a communication link may be determined 
in any suitable manner. Signal modi?er 32b modi?es a pre 
transmission signal in accordance with one or more quality 
indicators. Signal modi?er 32b may determine a modi?cation 
in accordance with the quality indicator as described with 
reference to FIG. 1. Signal modi?er 32b may modify a signal 
by applying the determined modi?cation in response to a time 
boundary indicator as described with reference to FIG. 1 to 
produce one or more modi?ed pre-transmission signals. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to communication network 
40 without departing from the scope of the invention. Addi 
tionally, operations of communication network 40 may be 
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6 
performed using any suitable logic comprising software, 
hardware, other logic, or any suitable combination of the 
preceding. 

FIG. 3 is a block diagram of one embodiment of a receiving 
communication device 400 that includes a quality indicator 
generator 414 that may be used in network 10 of FIG. 1. 
Communication device 400 includes a receiver (Rx) 410 and 
a transmitter (Tx) 420 coupled as shown. Receiver 410 
includes an antenna 411, a demodulator 412, a quality esti 
mator 413, and a quality indicator generator 414 coupled as 
shown. Transmitter 420 includes a modulator 421, multi 
plexer 422, a power ampli?er (PA) 423, and an antenna 424 
coupled as shown. 
Antenna 411 receives signals, which are demodulated by 

demodulator 412. Quality estimator 413 estimates a quality of 
the communication link between communication device 400 
and another communication device 2011 according to the 
received signal. Quality indicator generator 414 generates a 
quality indicator that re?ects the determined quality. The 
quality indicator may be provided to the other communica 
tion device 2011 using a quality indication signal. Modulator 
421 modulates a transmit signal, and multiplexer 422 multi 
plexes the transmit signal and the quality indication signal 
from quality indicator generator 414. Power ampli?er 423 
ampli?es the transmit signal, and antenna 424 transmits the 
signal. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to communication device 
400 without departing from the scope of the invention. For 
example, communication device 400 may have more, fewer, 
or other modules. Moreover, the operations of communica 
tion device 400 may be performed by more, fewer, or other 
modules. Additionally, operations of communication device 
400 may be performed using any suitable logic comprising 
software, hardware, other logic, or any suitable combination 
of the preceding. 

FIG. 4 is a block diagram of one embodiment of a trans 
mitting communication device 120 that includes a signal 
modi?er 122 that may be used in network 10 of FIG. 1. 
Communication device 120 may include an application sub 
system 126, a baseband subsystem 121, a signal modi?er 122, 
a radio subsystem 123, a receive antenna 124, and one or more 
transmit antennas 125 coupled as shown. 

Application subsystem 126 processes receive signals to 
extract information communicated in the receive signals, and 
processes transmit signals for transmission to communicate 
information. Baseband subsystem 121 includes a modulator 
140 that modulates signals and a demodulator 129 that 
demodulates signals. Baseband system 121 may generate 
time boundary indicators, which are provided to signal modi 
?er 122. Signal modi?er 122 modulates one or more pre 
transmission signals in accordance with one or more quality 
indicators. Radio subsystem 123 includes a receiver 127 that 
receives signals from receive antenna 124 and a transmitter 
128 that sends signals to one or more transmit antennas 125. 
Radio subsystem 123 may include a duplexer/diplexer that 
separates different bands such as cellular service from Per 
sonal Communication Service (PCS) bands, receive from 
transmit bands, or both. Receive antenna 124 receives signals 
and may have one or more antenna elements, and a transmit 
antenna 125 transmits signals and may have one or more 
antenna elements. 

According to one embodiment of operation, receiver 127 
receives a signal from receive antenna 124. Demodulator 129 
demodulates signal 141 to produce a demodulated signal 142 
and to extract one or more quality indicators sent from the 
other side of the wireless link 124. Signal 142 is provided to 
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application subsystem 126. The extracted quality indicators 
are provided to signal modi?er 122 via a quality indication 
signal 143. 

Application subsystem 126 generates an unmodulated 
transmit signal 144 that may include information and sends 
signal 144 to modulator 140. Modulator 140 modulates signal 
144 to produce a pre-transmission signal 145, Which is pro 
vided to signal modi?er 122. Baseband system 121 may 
generate time boundary indicators, Which are provided to 
signal modi?er 122. Signal modi?er 122 modi?es pre-trans 
mission signal 145 in accordance With the one or more quality 
indicators received from demodulator 129 via quality indica 
tion signal 143. Signal modi?er 122 may include control logic 
and a vector modulator. The control logic determines a modi 
?cation in accordance With the one or more quality indicators. 
For example, quality indication signal modi?er 122 may cal 
culate a complex Weighting based on the quality indicators. 
Signal modi?er 122 modi?es a signal 145 by applying the 
determined modi?cation in response With a time boundary to 
produce a set of modi?ed pre-transmission signals 146. Sig 
nal modi?er 122 may include one or more modi?ers that 
modify a signal or may instruct one or more other modi?ers to 
modify a signal. As an example, a vector modulator of signal 
modi?er 122 may modulate a phase of a signal. As an 
example, signal modi?er 122 may instruct a poWer ampli?er 
to modify the amplitude of signals. 
A modi?ed pre-transmission signal may comprise, for 

example, a baseband signal, an IF signal, or an RF signal. 
Modi?ed pre-transmission signal 146 is sent to transmitter 
128, Which forWards modi?ed pre-transmission signals 146 
to transmit antenna 125. Transmit antenna 125 sends a com 

bined signal based on modi?ed pre-transmission signals 146. 
Alterations or permutations such as modi?cations, addi 

tions, or omissions may be made to communication device 
120 Without departing from the scope of the invention. For 
example, communication device 120 may have more, feWer, 
or other modules. Moreover, the operations of communica 
tion device 120 may be performed by more, feWer, or other 
modules. Additionally, operations of communication device 
120 may be performed using any suitable logic comprising 
softWare, hardWare, other logic, or any suitable combination 
of the preceding. 

FIG. 5 is a block diagram of one embodiment of a trans 
mitter system 200 that may be used With communication 
device 120 FIG. 4. Transmitter system 200 includes a base 
band subsystem 210, a signal modi?er 220, a radio subsystem 
230, one or more poWer ampli?ers 241, 242, 243, and 244, 
and one or more antenna elements 251, 252, 253, and 254 
coupled as shoWn. 

Baseband subsystem 210 sends a pre-transmission signal 
260, a quality indication signal 270, and a time boundary 
signal 272 to signal modi?er 220. Signal modi?er 220 
includes vector modulator 221 and control logic 222. Control 
logic 222 determines a modi?cation in accordance With one 
or more quality indications of quality indication signal 270, 
and provides instructions for performing the modulation. As 
an example, control logic 222 may instruct vector modulator 
221 to modulate a phase of a signal. As another example, 
control logic 222 may instruct poWer ampli?ers to modify the 
amplitude of signals. Control logic 222 provides instructions 
to apply the modi?cations in response to time boundary sig 
nal 272 that has one or more time boundary indicators. The 
modi?cations may be applied such that one modi?cation is 
applied per time period, for example, per poWer control 
group. 

Radio subsystem 230 receives the modi?ed pre-transmis 
sion signal from signal modi?er 220, and converts the 
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8 
received pre-transmission signal into radio frequency (RF) 
signals, Which are provided to poWer ampli?ers 241 through 
244. PoWer ampli?ers 241 through 244 each receive an RF 
modi?ed pre-transmission signal and amplify the signals for 
transmission. PoWer ampli?ers 241 through 244 provide the 
ampli?ed signals to antenna elements 251 through 254. 
Although transmitter system 200 is shoWn as having four 
antenna elements 251 through 254 and four corresponding 
poWer ampli?ers 241 and 244, transmitter system 200 may 
have any number of antenna elements and any number of 
poWer ampli?ers. Each antenna element sends its respective 
RF modi?ed pre-transmission signal to produce a transmitted 
signal. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to transmitter system 200 
Without departing from the scope of the invention. For 
example, transmitter system 200 may have more, feWer, or 
other modules. Moreover, the operations of transmitter sys 
tem 200 may be performed by more, feWer, or other modules. 
Additionally, operations of transmitter system 200 may be 
performed using any suitable logic comprising softWare, 
hardWare, other logic, or any suitable combination of the 
preceding. 

FIG. 6 is a block diagram of one embodiment of a signal 
modi?er 500 that may be used With any suitable communi 
cation device 20 such as communication device 20a-d. Signal 
modi?er 500 includes control logic 502, an analog-to-digital 
(A/ D) converter 504, a vector modulator 506, and one or more 
digital-to-analog (D/A) converters 508 and 509 coupled as 
shoWn. D/A converters 508 and 509 are coupled to one or 
more radio subsystems 510 and 512 as shoWn. A D/A con 
verter 508 and a radio subsystem 510 may be associated With 
an antenna element. 

According to the illustrated embodiment, signal modi?er 
500 receives a pre-transmission signal. A/D converter 504 
converts the pre-transmission signal to a digital form and 
forWards the digital pre-transmission signal to vector modu 
lator 506. Control logic 502 establishes a quality indicator 
and a time boundary indicator. The quality indicator may be 
established by extracting the indicator from a quality indica 
tion signal or by determining the indicator independent of a 
quality indication signal. Control logic 502 determines a 
modi?cation from the quality indicator, and provides instruc 
tions to vector modulator 506 for performing the modi?ca 
tion. The time boundary indicator may be established from a 
time boundary signal. Control logic 502 provides instructions 
to apply the modi?cations in accordance With the time bound 
ary indicator. Modi?cations may be applied such that one 
modi?cation is applied per time period, for example, per 
poWer control group. 

According to one embodiment, control logic 502 deter 
mines a modi?cation from a quality indication signal by 
calculating a complex Weighting. The complex Weighting is 
calculated by determining the appropriate Weighting value 
associated With the in-phase signal component and the 
quadrature signal component for an antenna element. As an 
example, if the phase rotation is being adjusted, the Weighting 
value for the in-phase signal component may be different 
from the Weighting value for the quadrature signal compo 
nent. As another example, if the poWer ratio is being adjusted, 
the Weighting value for the in-phase signal component and the 
Weighting value for the quadrature signal component may be 
simultaneously increased or decreased for a given antenna 
element in parallel. As yet another example, if the total poWer 
of the transmitted signal is being adjusted, the Weighting 
value for the in-phase signal component and the Weighting 
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value for the quadrature signal component may be simulta 
neously increased or decreased for all of the antenna elements 
in parallel. 

According to the embodiment, control logic 502 instructs 
vector modulator 506 to perform the modi?cation by provid 
ing the complex Weighting values to vector modulator 506. 
Vector modulator 506 splits the pre-transmission signal into 
multiple pre-transmission signals. Vector modulator 506 
applies the complex Weighting to at least a subset of the 
pre-transmission signals to modify the subset of pre-trans 
mission signals based on the complex Weighting values. D/A 
converters 508 through 509 convert the pre-transmission sig 
nals to analog form. Radio subsystems 510 through 512 con 
vert the pre-transmission signals into an RF form. The signals 
may be forwarded to poWer ampli?ers and respective antenna 
elements. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to signal modi?er 500 With 
out departing from the scope of the invention. For example, 
signal modi?er 500 may have more, feWer, or other modules. 
Moreover, the operations of signal modi?er 500 may be per 
formed by more, feWer, or other modules. Additionally, 
operations of signal modi?er 500 may be performed using 
any suitable logic comprising softWare, hardWare, other 
logic, or any suitable combination of the preceding. 

FIG. 7 is a block diagram of another embodiment of a 
signal modi?er 700 that may be used With any suitable com 
munication device 20 such as communication device 20a-d. 
Signal modi?er 700 includes one or more A/ D converters 710 
and 715, one or more ?lters 720 and 725, a vector modulator 
730, control logic 740, one or more combiners 750 and 755, 
and one or more D/A converters 760 and 765 coupled as 
shoWn. D/A converters 760 and 765 are coupled to one or 
more radio subsystems 770 and 780 as shoWn. A combiner 
750 and 755, a D/A converter 760 and 765, and a radio 
subsystem 770 and 780 may correspond to a given antenna 
element of an antenna. 

According to the illustrated embodiments, A/D converter 
710 converts a baseband in-phase signal component to a 
digital form, and A/D converter 715 converts a baseband 
quadrature signal component to a digital form. Control logic 
740 determines modi?cation instructions from one or more 

quality indicators and one or more time boundary indicators, 
and forWards the instructions to vector modulator 730. Vector 
modulator 730 splits the in-phase and quadrature signal com 
ponents into a number of signals. Vector modulator 730 modi 
?es the digital signals according to the instructions. For 
example, vector modulator 730 may apply complex Weight 
ing values to the in-phase and quadrature signal components 
associated for each antenna element. Combiners 750 and 755 
combine the in-phase and quadrature signal components of 
the modi?ed pre-transmission signals. D/A converters 760 
and 765 convert the modi?ed pre-transmission signals to 
analog form and forWard the pre-transmission signals to radio 
subsystems 770 and 780. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to signal modi?er 700 With 
out departing from the scope of the invention. Signal modi?er 
700 may have more, feWer, or other modules. For example, 
one or more A/D converters 710 or 715, one or more ?lters 

720 and 725 may be omitted such that signal modi?er 700 
receives digital signals. As another example, combiners 750 
and 755 may receive signals from D/A converters 760 and 
765 and operate to combine analog signals. Moreover, the 
operations of signal modi?er 700 may be performed by more, 
feWer, or other modules. Additionally, operations of signal 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
modi?er 700 may be performed using any suitable logic 
comprising softWare, hardWare, other logic, or any suitable 
combination of the preceding. 

FIG. 8 is a block diagram of one embodiment of a vector 
modulator 600 that may be used With any suitable communi 
cation device 20 such as communication device 20a-d. Vector 
modulator 600 includes a ?lter 610, in-phase signal adjusters 
620 through 630, quadrature signal adjusters 640 through 
650, and combiners 660 through 670 coupled as shoWn. An 
in-phase signal adjuster 620 through 630, a quadrature signal 
adjuster 640 through 650, and a combiner 660 through 670 
may be associated With an antenna element of an antenna. 

According to the illustrated embodiment, ?lter 610 divides 
pre-transmission signals into in-phase and quadrature com 
ponents. ln-phase signal adjusters 620 through 630 and 
quadrature signal adjusters 640 through 650 receive complex 
Weighting values from control logic. ln-phase signal adjusters 
620 through 630 apply the complex Weighting to the in-phase 
component of the pre-transmission signals, and quadrature 
signal adjusters 640 through 650 apply the complex Weight 
ing to the quadrature component of the pre-transmission sig 
nals. The application of the complex Weighting produces 
modi?ed pre-transmission signals. Combiners 660 and 670 
add the respective modi?ed pre-transmission signals. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to vector modulator 600 
Without departing from the scope of the invention. Vector 
modulator 600 may have more, feWer, or other modules. For 
example, combiners 660 and 670 may be omitted. Moreover, 
the operations of vector modulator 600 may be performed by 
more, feWer, or other modules. For example, the operations of 
?lter 610 may be performed by more than one ?lter, Where 
one ?lter ?lters an I channel signal component and another 
?lter ?lters a Q channel signal component. Additionally, 
operations of vector modulator 600 may be performed using 
any suitable logic comprising softWare, hardWare, other 
logic, or any suitable combination of the preceding. 

FIG. 9 is a ?owchart illustrating one embodiment of a 
method for modifying a signal in accordance to a quality 
indicator that may be used With any suitable communication 
device 20 such as communication device 20a-d. The method 
begins at step 800, Where a ?rst communication device 20 
communicates With a second communication device 20. First 
communication device 20 Waits for a time boundary indicator 
at step 802. Modulating a signal in accordance With a time 
boundary may synchroniZe modi?cation of the signal With a 
quality indicator describing the link quality in response to the 
modi?cation. First communication device 20 adjusts a modu 
lation feature associated With antenna elements of ?rst com 
munication device 20 to modulate a transmitted signal in 
accordance With the time boundary indicator at step 804. First 
communication device 20 establishes a quality indicator 
describing the quality of communication at step 808. For 
example, ?rst communication device 20 may extract the qual 
ity indicator from a quality indication signal sent by second 
communication device 20 or may calculate the quality indi 
cator independent of any quality indication signal. 

First communication device 20 determines a modi?cation 
according to the adjustment and the quality indicator at step 
812. For example, if the quality indicator indicates that the 
adjustment improved the quality of communication, the 
modi?cation may operate to enhance the adjustment. If the 
quality indicator indicates that the adjustment did not 
improve the quality of communication, the modi?cation may 
operate to change the adjustment. 

First communication device 20 Waits for a next time 
boundary indicator. The modi?cation is applied to modulate a 
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transmitted signal in accordance With the next time boundary 
indicator at step 816. If communication devices 20 continue 
to communicate at step 820, the method returns to step 808, 
Where ?rst communication device 20 establishes a quality 
indicator describing the quality of communication. If com 
munication devices 20 do not continue to communicate at 
step 820, the method proceeds to step 824, Where communi 
cation is terminated. After communication is terminated, the 
method terminates. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to the method Without 
departing from the scope of the invention. The method may 
include more, feWer, or other steps. Additionally, steps may 
be performed in any suitable order Without departing from the 
scope of the invention. 

FIG. 10 is a ?owchart illustrating an example method for 
modifying a signal in accordance to a quality indication sig 
nal that may be used With any suitable communication device 
20 such as communication device 20a-d. First communica 
tion device 20 receives a poWer control signal from second 
communication device 20 at step 910. According to the 
CDMA protocol, a poWer control signal indicates either an up 
value or a doWn value for a given time period. An up value 
represents an indication that ?rst communication device 20 
should increase the total poWer of its transmitted signal. A 
doWn value represents an indication that ?rst communication 
device 20 should decrease the total poWer of its transmitted 
signal. According to one embodiment, the particular value of 
a poWer control signal may be referred to as including a poWer 
control bit, Which represents either the up or doWn values in 
binary form. 

Signal modi?er 32, for example, signal modi?er 3211-12, of 
?rst communication device 20 establishes that the poWer 
control signal has reached a steady state at step 920. The 
poWer control signal can reach a steady state in any suitable 
manner. For example, the poWer control signal may have a 
consecutive sequence of values of up-doWn-up or doWn-up 
doWn. The phase rotation associated With an antenna element 
is adjusted in one direction in accordance With a time bound 
ary indicator at step 930. For example, signal modi?er 32 may 
calculate a complex Weighting to change the phase rotation 
and provide the complex Weighting to signal adjusters for the 
antenna element, Which adjust the phase rotation according to 
the complex Weighting. 

Signal modi?er 32 determines Whether the poWer control 
signal indicates that ?rst communication device 20 should 
decrease the total poWer of its transmitted signal at step 940, 
Which may be represented by a doWn value. If second com 
munication device 20 received the transmitted signal With 
increased total poWer, indicating that the communication is 
being optimiZed, second communication device 20 sends a 
doWn value in a subsequent poWer control signal. First com 
munication device 20 may continue to attempt to optimiZe the 
phase rotation for the antenna element and simultaneously 
reduce the total poWer of the transmitted signal. 

If the poWer control signal indicates a decrease for the total 
poWer at step 940, then the phase rotation adjustment may 
have been effective and the method proceeds to step 960. 
Signal modi?er 32 establishes that the poWer control signal 
has reached a steady state at step 960. Signal modi?er 32 
changes the phase rotation associated With that antenna ele 
ment in the same direction in accordance With a time bound 
ary indicator at step 970. If there is a next antenna element at 
step 975, the method returns to step 940, Where signal modi 
?er 32 repeats the method for the next antenna element. If 
there is no next antenna element at step 975, the method 
terminates. 
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If the poWer control signal does not indicate a decrease for 

the total poWer at step 940, then the phase rotation adjustment 
may not have been effective and the method proceeds to step 
950. Signal modi?er 32 changes the phase rotation associated 
With the antenna element in the opposite direction in accor 
dance With a time boundary indicator at step 950. If there is a 
next antenna element at step 955, the method returns to step 
920, Where signal modi?er 32 repeats the method for the next 
antenna element. If there is no next antenna element at step 
955, the method terminates. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to the method Without 
departing from the scope of the invention. The method may 
include more, feWer, or other steps. Additionally, steps may 
be performed in any suitable order Without departing from the 
scope of the invention. 

FIG. 11 is a ?owchart illustrating another example method 
for modifying a signal in accordance to a quality indication 
signal that may be used With any suitable communication 
device 20 such as communication device 20a-d. First com 
munication device 20 receives a poWer control signal from 
second communication device 20 at step 990. According to 
one embodiment, the poWer control signal may comprise a 
CDMA poWer control signal. Signal modi?er 32, for 
example, signal modi?er 32a-b, of ?rst communication 
device 20 establishes that the poWer control signal has 
reached a steady state at step 1000. The poWer control signal 
can reach a steady state in any suitable manner. The phase 
rotation associated With an antenna element is changed in a 
one direction in accordance With a time boundary indicator at 
step 1010. 

Signal modi?er 32 determines Whether the poWer control 
signal indicates that ?rst communication device 20 should 
decrease the total poWer of its transmitted signal at step 1020, 
Which may be represented by a doWn value. An instruction to 
decrease poWer may indicate that the communication is being 
optimiZed. If the poWer control signal does not indicate a 
decrease for the total poWer at step 1020, then the phase 
rotation adjustment may not have been effective and the 
method proceeds to step 1030. Signal modi?er 32 changes the 
phase rotation associated With the antenna element in the 
opposite direction in accordance With a time boundary indi 
cator at step 1030, and the method returns to step 1020. 

If the poWer control signal indicates a decrease for the total 
poWer at step 1020, then the phase rotation adjustment may 
have been effective and the method proceeds to step 1040. 
Signal modi?er 32 changes the phase rotation associated With 
that antenna element in the same direction in accordance With 
a time boundary indicator at step 1040. Signal modi?er 32 
determines Whether the poWer control signal indicates that 
?rst communication device 20 should decrease the total 
poWer of its transmitted signal at step 1050. If the poWer 
control signal indicates a decrease for the total poWer at step 
1050, then the phase rotation adjustment may have been 
effective and the method returns to step 1040, Where signal 
modi?er 32 changes the phase rotation associated With that 
antenna element in the same direction. If the poWer control 
signal does not indicate a decrease for the total poWer at step 
1050, the method proceeds to step 1060. The phase rotation is 
changed in accordance With a time boundary indicator to 
optimiZe communication at step 1060. An optimum phase 
rotation may be obtained by taking the average of the phase 
rotations of step 1040. The method then proceeds to step 
1065. 

If there is a next antenna element at step 1065, the method 
returns to step 1000, Where signal modi?er 32 repeats the 
method for the next antenna element. According to one 
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embodiment, the method may be repeated for each antenna 
element to obtain an overall optimum for multiple antenna 
elements. If there is no next antenna element at step 1065, the 
method terminates. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to the method Without 
departing from the scope of the invention. The method may 
include more, feWer, or other steps. Additionally, steps may 
be performed in any suitable order Without departing from the 
scope of the invention. 

FIG. 12 is a ?owchart illustrating an example method for 
calculating the complex Weighting that may be used With any 
suitable communication device 20 such as communication 
device 20a-d. According to the embodiment, the complex 
Weighting may be calculated by adjusting the phase rotation 
associated With each antenna element. Values for the poWer 
control bits may be used to determine a phase rotation, and 
consequently, a complex Weighting. 

According to the embodiment, ?rst communication device 
20 may communicate With second communication device 20 
according to a CDMA protocol. First communication device 
20 sends a signal of poWer control groups (PCGs) having at 
least a ?rst PCG and a second PCG, for example, adjacent 
PCGs, in such a manner that the poWer associated With the 
PCGs are at substantially the same level. Phase rotation Phi 
represents the phase rotation of the second antenna element 
relative to the ?rst antenna element in the ?rst PCG. Phase 
rotation Phi +Delta represents the phase rotation of the second 
antenna element relative to the ?rst antenna element in the 
second PCG, Where Delta represents a phase rotation offset. 
The phase rotation offset Delta provides for determining the 
direction of the phase rotation betWeen the antenna elements 
that may improve the quality of communication. Second 
communication device 20 sends a poWer control signal hav 
ing poWer control bits for the PCGs. A poWer control bit may 
have a particular value for each time period. For example, the 
time period for the CDMA and the WCDMA protocols is 1.25 
msec and 666 usec, respectively. 

The method begins at step 1100, Where a phase rotation 
associated With the ?rst antenna element is initialiZed at ?rst 
communication device 20. A phase rotation offset Delta is 
introduced for the second PCG relative to the ?rst PCG in 
accordance With a time boundary indicator at step 1110. The 
phase rotation offset Delta provides for determining the direc 
tion of the phase rotation betWeen the antenna elements that 
may improve the quality of communication. First communi 
cation device 20 transmits a signal based on the introduced 
phase rotation offset to second communication device 20 at 
step 1112. Second communication device 20 sends a poWer 
control signal based on the received signal. First communi 
cation device 20 receives the poWer control signal at step 
1114. 

The complex Weighting may be calculated from poWer 
control bits associated With the PCGs at steps 1120 through 
1140. First communication device 20 determines Whether 
values of the poWer control bit for tWo time periods, for 
example, adjacent time periods such as the tWo most recent 
time periods, are same at step 1120. If the values for the poWer 
control bit are the same, the method proceeds to step 1130. 
The total poWer of the transmitted signal is adjusted in accor 
dance With a time boundary indicator While maintaining the 
phase rotation for the ?rst antenna element, that is, maintain 
ing Phi, at step 1130. The total poWer may be adjusted While 
maintaining the phase rotation by appropriately calculating a 
neW complex Weighting. The method then proceeds to step 
1145. 
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If the values for the poWer control bit differ at step 1120, the 

method proceeds to step 1140. The phase rotation for the 
antenna elements, that is, Phi, is adjusted in accordance With 
a time boundary indicator While maintaining total poWer of 
the transmitted signal at step 1 140. The phase rotation may be 
adjusted While maintaining the total poWer by appropriately 
calculating a neW complex Weighting. The method then pro 
ceeds to step 1145. 

If there is a next antenna element at step 1145, the method 
returns to step 1110, Where a phase rotation offset is intro 
duced for the next antenna element. If there is no next antenna 
element at step 1145, the method terminates. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to the method Without 
departing from the scope of the invention. The method may 
include more, feWer, or other steps. Additionally, steps may 
be performed in any suitable order Without departing from the 
scope of the invention. 

FIG. 13 is a ?owchart illustrating another example method 
for calculating a complex Weighting that may be used With 
any suitable communication device 20 such as communica 
tion device 20a-d. According to the embodiment, the complex 
Weighting may be calculated by adjusting the poWer ratio and 
the phase rotation associated With each antenna element to 
optimiZe a transmitted signal. The poWer ratio may refer to 
the ratio betWeen the required transmission poWer for a 
Weaker antenna element and the required transmission poWer 
for a stronger antenna element. An element detection thresh 
old may be considered before adjusting any phase rotation or 
poWer ratio for the antenna elements. Based on the threshold 
values, the phase rotation may be adjusted to converge to a 
substantially optimal phase rotation value. Having deter 
mined the substantially optimal phase rotation value, the 
poWer ratio value for the antenna elements may be calculated 
until a substantially optimal poWer ratio value is reached. The 
process is iterative and may be interrupted at any time to 
change any parameter, such as the phase rotation or the poWer 
ratio. 
The method begins at step 1200, Where the current poWer 

ratio for the antenna elements of ?rst communication device 
20 is determined. First communication device 20 determines 
Whether the poWer ratio is beloW a predetermined threshold or 
predetermined threshold range at step 1210. For example, the 
poWer ratio threshold may be Within a range of tWo to ten, 
such as betWeen four and eight, such as approximately six. If 
the poWer ratio is not beloW the predetermined threshold at 
step 1210, then the method proceeds directly to step 1240. 

If the poWer ratio is beloW the predetermined threshold, 
then the method proceeds to step 1220 to tune the phase 
rotation. The phase rotation is changed to ?nd a substantially 
optimal value at step 1220. First communication device 20 
determines Whether the phase rotation is substantially opti 
mal at step 1230. If the phase rotation is not substantially 
optimal, the method returns to step 1220, Where the phase 
rotation is changed in accordance With a time boundary indi 
cator to ?nd a substantially optimal value. If the phase rota 
tion is substantially optimal, then the method proceeds to step 
1240. 
At step 1240, the poWer ratio is changed to ?nd an optimal 

value. The optimal value of a poWer ratio may optimiZe the 
transmission poWer distribution among the antenna elements. 
First communication device 20 determines Whether the poWer 
ratio is substantially optimal at step 1250. If the poWer ratio is 
not substantially optimal, the method proceeds to step 1240, 
Where the poWer ratio is changed in accordance With a time 
boundary indicator to ?nd an optimal value. If the poWer ratio 
is substantially optimal, then the method proceeds to step 
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1255. If the communication is to continue at step 1255, the 
method returns to step 1200, Where the poWer ratio for the 
antenna elements of ?rst communication device 20 is deter 
mined. If the communication is to terminate at step 1255, the 
method terminates. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to the method Without 
departing from the scope of the invention. The method may 
include more, feWer, or other steps. Additionally, steps may 
be performed in any suitable order Without departing from the 
scope of the invention. 

FIG. 14 is a ?owchart illustrating another example method 
for calculating a complex Weighting that may be used With 
any suitable communication device 20 such as communica 
tion device 20a-d. The complex Weighting may be calculated 
by adjusting the poWer ratio and the phase rotation associated 
With each antenna element. Values for the poWer control bit 
may be used to determine the proper phase rotation and poWer 
ratio. The poWer ratio associated With the antenna elements 
may be adjusted after the phase rotation associated With an 
antenna element is adjusted. 

According to the embodiment, ?rst communication device 
20 may communicate With second communication device 20 
according to a CDMA protocol. First communication device 
20 sends a signal of poWer control groups (PCGs) having at 
least a ?rst PCG and a second PCG, for example, adjacent 
PCGs, in such a manner that the poWer associated With the 
PCGs are at substantially the same level. PoWer ratio Lambda 
represents the poWer ratio associated With the ?rst PCG 
betWeen a ?rst antenna element and a second antenna ele 
ment. PoWer ratio Lambda+Zeta represents the poWer ratio 
associated With the second PCG betWeen the ?rst antenna 
element and the second antenna element, Where Zeta repre 
sents the poWer ratio offset introduced betWeen the ?rst and 
second PCG. The poWer ratio offset Zeta may provide a 
mechanism to determine the direction of changing poWer 
ratio betWeen the antenna elements that may improve the 
quality of communication. 

The method begins at step 13 00, Where a phase rotation and 
a poWer ratio associated With a ?rst antenna element of ?rst 
communication device 20 is initialiZed. At step 1310, phase 
rotation offset Delta is introduced for PCGs such as adjacent 
PCGs in accordance With a time boundary indicator. A signal 
is transmitted from ?rst communication device 20 to second 
communication device 20 based on the phase rotation offset. 
Second communication device 20 sends a poWer control sig 
nal based on the signal from ?rst communication device 20. 

First communication device 20 determines Whether values 
such as the most recently received values for the poWer con 
trol bit are same at step 1320. If the values for the poWer 
control bits are the same, the method proceeds to step 1330. 
The total poWer of the transmitted signal is adjusted in accor 
dance With a time boundary indicator While maintaining the 
phase rotation for the antenna element at step 1330. The 
poWer ratio for the antenna elements may also be maintained. 
The method then returns to step 1310, Where phase rotation 
offset Delta is introduced for PCGs. 

If the values for the poWer control bits differ, the method 
proceeds to step 1340. The phase rotation for the antenna 
elements is adjusted in accordance With a time boundary 
indicator While maintaining the total poWer of the transmitted 
signal at step 1340. The poWer ratio for the antenna elements 
may also be maintained. First communication device 20 
determines Whether the adjusted phase rotation is substan 
tially optimal at step 1345. The optimal value of an phase 
rotation optimiZes the relative phase of the transmitted signal 
among antenna elements given a ?xed poWer ratio. If the 
phase rotation is not substantially optimal, then the method 
returns to step 1310, Where phase rotation offset Delta is 
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introduced for PCGs. If the phase rotation is substantially 
optimal, then the method proceeds to step 1350. 
PoWer ratio offset Zeta is introduced for PCGs such as 

adjacent PCGs in accordance With a time boundary indicator 
at step 1350. First communication device 20 determines 
Whether values such as the most recently received values for 
the poWer control bit are the same at step 1360. If the values 
for the poWer control bit differ, the method proceeds to step 
1370. The poWer ratio for the antenna element is adjusted in 
accordance With a time boundary indicator While maintaining 
total poWer of the transmitted signal and maintaining the 
phase rotation for the antenna elements at step 1370. The 
method then proceeds to step 1350. 

If the values for the poWer control bits are the same, the 
method proceeds to step 1380. The poWer of the transmitted 
signal is adjusted in accordance With a time boundary indi 
cator While maintaining the poWer ratio and the phase rotation 
for the antenna element at step 1380. First communication 
device 20 determines Whether the track of poWer control bits 
is lost at step 1390. If the track is not lost, then the method 
proceeds to step 1395. If communication is to continue at step 
1395, the method returns to step 1350, Where poWer ratio 
offset Zeta is introduced for PCGs. If communication is to 
terminate at step 1395, the method terminates. 

If the track is lost at step 1390, then the method proceeds to 
step 1397. If communication is to continue at step 1397, the 
method returns to step 1310, Where phase rotation offset 
Delta is introduced for PCGs. If communication is to termi 
nate at step 1397, the method terminates. 

Alterations or permutations such as modi?cations, addi 
tions, or omissions may be made to the method Without 
departing from the scope of the invention. The method may 
include more, feWer, or other steps. Additionally, steps may 
be performed in any suitable order Without departing from the 
scope of the invention. 

Certain embodiments of the invention may provide one or 
more technical advantages. A technical advantage of one 
embodiment may be that a modi?cation may be determined 
according to a quality indicator. The modi?cation may be 
applied to signals transmitted by multiple antenna elements, 
Which may improve the quality of the transmitted signals. 

While this disclosure has been described in terms of certain 
embodiments and generally associated methods, alterations 
and permutations of the embodiments and methods Will be 
apparent to those skilled in the art. Accordingly, the above 
description of example embodiments does not de?ne or con 
strain this disclosure. Other changes, substitutions, and alter 
ations are also possible Without departing from the spirit and 
scope of this disclosure, as de?ned by the folloWing claims. 
To aid the Patent O?ice and any readers of any patent 

issued on this application in interpreting the claims appended 
hereto, applicants Wish to note that they do not intend any of 
the appended claims to invoke paragraph 6 of 35 U.S.C. § 112 
as it exists on the date of ?ling hereof unless the Words “means 
for” or “step for” are used in the particular claim. 
What is claimed is: 
1. A method for communicating a signal, comprising: 
establishing one or more quality indicators at a ?rst com 

munication device, the ?rst communication device com 
prising a plurality of antenna elements, the one or more 
quality indicators indicating a quality of one or more 
communication links betWeen the ?rst communication 
device and one or more second communication devices; 

determining a modi?cation according to the one or more 
quality indicators, the modi?cation describing at least 
one adjustment of one or more modulation features of a 

plurality of modulation features, Wherein said plurality 
of modulations features include at least one modulation 
feature selected from the group consisting of poWer ratio 
and phase difference; 
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receiving a time boundary indicator indicating a boundary 
ofa time period; 

modulating at least a ?rst of a plurality of signals relative to 
a second of said plurality of signals in accordance With 
the modi?cation and in response to the time boundary 
indicator, each of the plurality of signals associated With 
an antenna element of the plurality antenna elements; 
and 

sending the plurality of signals from the respective plural 
ity of antenna elements to yield a transmitted signal. 

2. The method of claim 1, Wherein receiving a time bound 
ary indicator indicating a boundary of a time period further 
comprises receiving the time boundary indicator from a base 
band system. 

3. The method of claim 1, Wherein receiving a time bound 
ary indicator indicating a boundary of a time period further 
comprises receiving a time boundary signal comprising the 
time boundary indicator. 

4. The method of claim 1, Wherein the time period further 
comprises a poWer control group. 

5. The method of claim 1, Wherein modulating at least a 
?rst of a plurality of signals relative to a second of said 
plurality of signals in accordance With the modi?cation and in 
response to the time boundary indicator further comprises 
modulating in accordance With the time boundary indicator to 
synchroniZe the modulation of the signal With one or more 
next quality indicators, the one or more next quality indica 
tors indicating the quality of the one or more communication 
links in response to the modulation. 

6. A system for communicating a signal, comprising: 
a ?rst communication device operable to establish one or 

more quality indicators, the one or more quality indica 
tors indicating a quality of one or more communication 
links betWeen the ?rst communication device and one or 
more second communication devices, the ?rst commu 
nication device comprising: 
a plurality of antenna elements; and 
a signal modi?er operable to: 

determine a modi?cation according to the one or more 

quality indicators, the modi?cation describing at 
least one adjustment of one or more modulation 
features of a plurality of modulation features, 
Wherein said plurality of modulations features 
include at least one feature selected from the group 
consisting of poWer ratio and phase difference; 

receive a time boundary indicator indicating a bound 
ary ofa time period; 

modulate at least a ?rst of a plurality of signals rela 
tive to a second of said plurality of signals in accor 
dance With the modi?cation and in response to the 
time boundary indicator, each of the plurality of 
signals associated With an antenna element of the 
plurality antenna elements; and 

send the plurality of signals to the respective plurality 
of antenna elements to yield a transmitted signal. 

7. The system of claim 6, the signal modi?er operable to 
receive a time boundary indicator indicating a boundary of a 
time period by receiving the time boundary indicator from a 
baseband system. 

8. The system of claim 6, the signal modi?er operable to 
receive a time boundary indicator indicating a boundary of a 
time period by receiving a time boundary signal comprising 
the time boundary indicator. 

9. The system of claim 6, Wherein the time period further 
comprises a poWer control group. 

10. The system of claim 6, the signal modi?er operable to 
modulate at least a ?rst of a plurality of signals relative to a 
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second of said plurality of signals in accordance With the 
modi?cation and in response to the time boundary indicator 
to synchroniZe the modulation of the signal With one or more 
next quality indicators, the one or more next quality indica 
tors indicating the quality of the one or more communication 
links in response to the modulation. 

11. A system for communicating a signal, comprising: 
means for establishing one or more quality indicators at a 

?rst communication device, the ?rst communication 
device comprising a plurality of antenna elements, the 
one or more quality indicators indicating a quality of one 
or more communication links betWeen the ?rst commu 
nication device and one or more second communication 

devices; 
means for determining a modi?cation according to the one 

or more quality indicators, the modi?cation describing 
at least one adjustment of one or more modulation fea 
tures of a plurality of modulation features, Wherein said 
plurality of modulations features include at least one 
feature selected from the group consisting of poWer ratio 
and phase difference; 

means for receiving a time boundary indicator indicating a 
boundary of a time period; 

means for modulating at least a ?rst of a plurality of signals 
relative to a second of said plurality of signals in accor 
dance With the modi?cation and in response to the time 
boundary indicator, each of the plurality of signals asso 
ciated With an antenna element of the plurality antenna 
elements; and 

means for sending the plurality of signals from the respec 
tive plurality of antenna elements to yield a transmitted 
signal. 

12. A method for communicating a signal, comprising: 
establishing one or more quality indicators at a ?rst com 

munication device, the ?rst communication device com 
prising a plurality of antenna elements, the one or more 
quality indicators indicating a quality of one or more 
communication links betWeen the ?rst communication 
device and one or more second communication devices; 

determining a modi?cation according to the one or more 
quality indicators, the modi?cation describing at least 
one adjustment of one or more modulation features of a 

plurality of modulation features, Wherein said plurality 
of modulations features include at least one feature 
selected from the group consisting of poWer ratio and 
phase difference; 

receiving a time boundary indicator indicating a boundary 
of a time period, the time boundary indicator received by 
receiving a time boundary signal comprising the time 
boundary indicator from a baseband system; 

modulating at least a ?rst of a plurality of signals relative to 
a second of said plurality of signals in accordance With 
the modi?cation and in response to the time boundary 
indicator, each of the plurality of signals associated With 
an antenna element of the plurality antenna elements, at 
least the ?rst of said signals modulated relative to the 
second of said plurality of signals in response to the time 
boundary indicator in order to synchroniZe the modula 
tion of the signal With one or more next quality indica 
tors, the one or more next quality indicators indicating 
the quality of the one or more communication links in 
response to the modulation; and 

sending the plurality of signals from the respective plural 
ity of antenna elements to yield a transmitted signal. 


